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Abstract

The NASA/JPL Deep Space Instrumentation Facility 85- and 210-ft parabo-
loidal ground antennas have previously been demonstrated to operate well below
gain limit at S-band. The results of approximately 6 weeks’ experimental effort
together with supporting studies of an 85-ft paraboloid at X-band are given.
Determinations of the aperture efficiency by independent methods are in close
agreement and show the system remains below gain limit at X-band. Mechanical
perturbations including ordered changes in the paraboloid focal length were
evaluated by radio-frequency and machine-reduced field data obtained by civil
engineering techniques.
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Radio-Frequency Performance of an 85-ft
Ground Antenna: X-Band

l. Introduction

The gain of a phase-error-free aperture-type antenna
is proportional to the frequency squared; however, sev-
eral physical effects cause phase errors in the aperture of
any realizable structure. When the frequency rate of
change of gain loss due to phase errors is equal and
opposite to the frequency-squared law, the antenmna is
said to be at gain limit. Operating a large ground an-
tenna for purposes of deep space communications near,
or at, gain limit is advantageous for certain restricted
cases depending on the type of link, frequency, and space-
craft technology (Ref. 1). Under these conditions,
detailed knowledge of the behavior of the ground
antenna structure becomes important since the radio-
frequency performance is a sensitive function of mechan-
ical perturbations.

Previous evaluations of NASA/JPL Deep Space Instru-
mentation Facility (DSIF) 85- and 210-ft paraboloidal
reflectors have shown both systems are clearly well
below gain limit at S-band, 2300 MHz. In this report the
results of approximately 6 weeks experimental effort to-
gether with supporting studies of an 85-ft paraboloid at
X-band are given. A reasonably clear picture of the po-

JPL TECHNICAL REPORT 32-1300

tentials of this aperture/frequency relationship has been
obtained; the results show the work was conducted, for
all conditions encountered, at less than 0.6 times gain
limit frequency.

ll. System Description
A. Feedcone

The DSIF 85- and 210-ft antennas employ cassegrain
RF optics in which the primary feed, preamplifier, and
calibration equipment are housed within a standard sup-
port cone. This arrangement, which has proven opera-
tionally convenient in the field and has given the ability
to perform system checkouts using the feedcone on the
ground, was retained in the X-band cassegrain experi-
mental (XCE) feedcone (Fig. 1). This feedcone was con-
structed during 1966 for the antenna evaluation program
at X-band, 8448 MHz. The XCE feedcone is fitted with
equipment appropriate for the evaluation task: a travel-
ing wave maser preamplifier and total power radiometer
for observations of a few celestial sources and a separate
crystal mixer front end for ground-based collimation
tower work. Figure 2 shows the feedcone interior.
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Fig. 1. X-band cassegrain experimental (XCE) feedcone
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Fig. 2. XCE feedcone interior

B. Feed System

The feed is a scale model of the high-performance
Venus radar feed (Ref. 2) with the turnstile junction
polarizer and the mode generator fabricated of OFHC
copper. Wherever possible, heavy wall (0.125 in.)
OFHC copper WR 112 waveguide is used with flanging
accomplished with thick (0.50 in.) CPR-112 dowel pinned
flanges.

Figures 3-5 show the feedhorn 8448-MHz E-, H-, and
45-deg-plane radiation patterns. Figure 6 gives the feed
geometry used on the 85-ft antennas, including the beam-
shaping flange that is nominally 2\ wide at S-band. The

JPL TECHNICAL REPORT 32-1300

Rusch scattering program (Refs. 3 and 4) was used to
obtain the 8448-MHz radiation patterns of the cassegrain
system. Figures 7 and 8 show the slight pattern
distortion occurring near the edge of the paraboloid
(illumination angle = 61 deg) caused by the large
wavelength-sized flange.

Aperture integration methods developed by Ludwig
(Ref. 5) were used to evaluate the feed system. Table 1
gives the components considered and the overall feed
system efficiency, An estimated 3¢ tolerance somewhat
in excess of 0.5% has been assigned to the evaluation.
Although the large wavelength-sized flange degrades the
system a small amount, the convenience of retaining



20 |
: |
|

. |

35

. N

RELATIVE POWER, dB

Al

AT |

A

65

70

75

80

180 144 108 72 36

[o] 36 72 [{6]:] 144 180

ROTATION ANGLE, deg

Fig. 3. Radiation pattern, XCE feed, E-plane

the S-band flange during intermittent X-band work was
a distinct benefit. The normally used S-band vertex
matching plate was removed for both the above calcula-
tions and the experimental work. While the feed eval-
uation method outlined above makes use of the linear
polarization characteristics of the feed, the system is nor-
mally operated in the right hand circular polarization

(RCP) mode. During the feed system tests, the polarizer
was adjusted to obtain 0.30-dB ellipticity.

An optical analysis of the 85-ft antenna quadripod
structure to be used shows the structure blocks 6.43%
of the available aperture. Assuming the percentage of
intercepted energy equals the percentage of area, which

JPL TECHNICAL REPORT 32-1300
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constitutes accepting pie-slice approximations of the
blocked areas in the aperture, it has been shown (Ref. 6)
that

7 =y - By 1)

where 7’/ is the loss due to blocking, and B is the frac-
tional area blocked. Actually, B = oA, where ¢ is defined
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as an average RF opacity and A is the optically blocked
area. Because of the large wavelength size of the quadri-
pod cross section at X-band, the opacity is estimated to
be 0.8 < o < 12

Table 2 gives the components considered and the
overall quadripod blockage efficiency, assuming the esti-
mated opacities represent 3o limits.
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Table 1. Computed 8448-MHz feed efficiency Table 2. Computed 8448-MHz quadripod efficiency
85-ft antenna 85-ft antenna, DSS-13

Parameter Value Parameter Value

Forward spillover 0.0406 Blocked Area A 0.0643

Rear spillover 0.0039 Opacity o 0.80-1.20
Quadripod blockage efficiency 7'/7 0.8755 = 0.008, 10 est.

Hlumination efficiency 0.8526
Cross polarization efficiency 0.9993
Phase efficienc; 0.9406 N
y C. Radiometer
Subreflector blockage efficiency 0.9647 . .
Figure 9 shows the block diagram of the total power
Overall feed efficiency 07388 =+ 0.002, 1o, est. radiometer used for celestial source measurements. Not
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shown is the separate crystal mixer front end used for
higher signal level ground-based measurements. The
high-level radiometer uses the station phase-locked re-
ceiver to derive automatic gain control (AGC) indica-
tions of signal level. The AGC voltage is used to drive
a voltage-to-frequency converter that feeds the station
doppler equipment for recording wide-dynamic-range
antenna radiation patterns.

The traveling wave maser is operated in a closed-cycle
helium refrigerator and has been described in detail
(Ref. 7). Briefly, the preamplifier characteristics are
given in Table 3. The instrumentation allows for mea-
surements of the antenna, ambient and cryogenic termi-
nation VSWR, and maser gain and noise temperature.
The receiver local oscillator frequency is monitored, and
the temperature of the ambient load is read out using a
quartz thermometer. Normally, the antenna temperature
calibrations are made using the ambient load-to-antenna
Y-factor technique with periedic checks using the cryo-
genic termination. The dissipative attenuation between
the antenna reference flange and the maser reference
flange was measured as (0.150 == 0.0018) dB, 3o. Esti-
mated turnstile junction and horn losses are 0.025 and
0.018 dB, respectively, The system was usually operated
with 1 MHz bandwidth and early results (November
1966) characterized the zenith system noise contributions
on an 85-ft antenna as T’ = 136°K, T, = 16.1°K,
T, = 95°K, and T” = 0.5°K, where T4, T, T1, and T
are the antenna, maser, loss, and followup receiver con-
tributions, respectively. Single superscripts refer to the
antenna reference flange, while double superscripts refer
to the maser reference flange. Later results {(June 1967)
were: T/ = 13.0°K, Ty = 13.7°K, T, = 95°K, and
T” = 0.5°K for a total zenith system noise temperature
on an 85-ft antenna of less than 37°K.

The overall radiometer operating in a ground checkout
mode has a short term (minute) resolution of 0.1°X and
a peak systematic error of about 0.2°K when observing a
5°K source.

Table 3. Maser performance at 8448 MHz

Parameter Valve
Signal frequency 8448 MHz
Net gain 41,5 dB
Bandwidth (3 dB) 17 MHz
Equivalent input < 18°K

noise temperature

10

lll. Source Selection and Radiometric Technique
A. Radio Astronomical

A study of the literature (Ref. 8)* indicated Cygnus A
(3C405) as the best source for the 85-ft antenna evalua-
tion. The criteria leading to selection of Cygnus A were:

(1) Strength. The source should be strong enough to
observe without excessive integration times, and
the flux density should be well known.

(2) Declination. The source should appear high in the
local sky for several reasons including reduction of
atmospheric effects and to allow a wide elevation
angle range of measurements.

(3) Distribution. The source should be a point source
for reliable data reduction.

The value of flux density of ‘Cygnus A at 8448 MHz
was taken to be

S = (187.6 = 28.1) X 10*® wem+Hz"* (30)

The change in antenna temperature, due to the flux
density of a point source, is given by

T'"SA 2
a——2'i€“ ()

T, = the change in antenna temperature, due to the
source, in °K

S = the flux density of the source, in w/m? (Hz)

A = the cross-sectional area of the collecting aper-
ture, in m*?

k = Boltzmann’s constant:
1.3805 X 1023 we°K-1Hz?

Cygnus A, though not a point source, was considered to
be two point sources that are separated by 100 s of arc
and having relative intensities of 1.2 to 1.

Assuming the antenna beam is directed to a point
between the two sources that comprise Cygnus A, and
that this point is analogous to the center of moments in
a two-point mass mechanical system, a small correction
has to be applied to the conversion from flux density to
antenna source temperature. The corrected form for the

*Also, private communication, Dr. A. Moffett, California Institute
of Technology, Pasadena, Calif.
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conversion is, for the case of Cygnus A and the expected
beamwidth,

3)

_ SA [(12) (095) + (1.0) (0.94)
7 ok [ 2.2 J

Substituting into this equation yields (34 = 5.1)°K, (30)
as the increase in antenna temperature due to Cygnus A
for a 100% efficient, 85-ft antenna operated at 8448 MHz.

The Y-factor method of determining the increase in
temperature due to the source references the measure-
ment to the maser reference flange. Data of this kind are
useful for a deep space communications system designer;
ie., several effects such as microwave dissipation loss,
atmospheric extinction, and gain loss as a function of
elevation angle are automatically included in the obser-
vations. By measuring the excess system temperature due
to the source at the maser reference flange and compar-
ing this to (34 = 5.1)°K, we define an overall system
efficiency; the system happens to include the atmosphere
and other losses. Similarly, off-source system temperature
measurements as a function of elevation angle include
the total system concept as would be observed during a
deep space tracking mission.

B. Collimation Tower

1. Range requirements. One of the DSIF stations, the
Venus station (DSS 13),2 is equipped with an excellent
collimation tower situated approximately 12.7 miles dis-
tant near the top of Tiefort Mountain. Figure 10 shows
the path profile.? This path has been found to be essen-
tially multipath free using the 85-ft reflector at S-band
(Ref. 2). The X-band performance should be further im-
proved because of the narrower beamwidth of the 85-ft
aperture.

A problem associated with the precise evaluation of a
large ground antenna using ground-based techniques is
that of removing the aperture under test sufficiently far
from the exciting source so the phase front across the
test aperture may be considered planar. An expression
based on uniform illumination of a circular aperture re-

*The Venus station is located within the Goldstone complex near
Barstow, Calif., in the Mojave Desext.

*Smyth Research Associates of San Diego, Calif., conducted a prop-
agation study of the path and evaluated meteorological and ter-
rain factors (Final Technical Report SRA-603, July 1967).
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lating the observed gain G, to the true gain at infinity

Go, i
G _ (sinx z 4
c =\ 4

where G, = 4rA/A? and x = =D?/8AR, where D, A, and
R are the aperture diameter, wavelength, and range,
respectively (Ref. 9). A commonly accepted separation,
R = 2D?/A, results in an observed gain G = 0.9872 G,.
For the Venus station to Tiefort Mountain range,
R = 1.085 D2/x for the 85-ft reflector operated at
8448 MHz. This separation may be considered to lie in
the quasi-near-field inasmuch as the phase at the edge
of the 85-ft aperture lags the central ray by 41.5 deg and
the observed gain G = 0.9571 G,. It is necessary for the
system to remain focused at infinity for the observed
gain to follow Eq. (4). Because of certain focusing diffi-
culties discussed later, it was decided to peak the antenna
gain for the near-field tests by adjusting the hyperboloid.
Peak gain occurred with the control room synchro indi-
cator approximately as predicted based on a ray-tracing
analysis indicating a near-field best-fit focus would occur
with the hyperboloid approximately 0.200 in. toward the
apex of the paraboloid compared with the focus position
at infinity. Under the above conditions the near-field ob-
served gain will lie within the limits

09571 G, < G < 1.000 G,
or the true gain at infinity, G, = (1.022 + 0.022) G, 30.

As an approximate cross-check on the above, two cases
were input to the Radiation Pattern Program (Ref. 10),
which computes, among other things, axial gain loss as a
function of aperture phase illumination. Using the actual
(Figs. 7 and 8) rather than uniform amplitude illumina-
tion for cases having phase fronts excited from infinity
and excited from Tiefort Mountain, a gain of 0.9655 G,
was obtained when excited from Tiefort Mountain,

The method of ground-based gain measurement
planned is considered to be the most reliable among sev-
eral alternative techniques. Briefly, a known flux is
established at the transmitting site and the inverse square
law is used to establish the flux at the receiving site. By
so doing, serious questions concerning multipath propa-
gation, which often arise when using small comparison
apertures at the receiving site, are avoided. The distance
between Tiefort Mountain and the 85-ft aperture was
accurately measured by tellurometer and found to be
67,320 ft.

11
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2. Power measurement. In order to establish a known
flux, both transmitter power and illuminator antenna
gain must be known. Because calibration of an absolute
RF power is difficult, a power carefully referenced to a
full-scale instrument deflection is obtained at the trans-
mitter site. The same instrument is used at the receiver
site and ‘the received power is similarly referenced to the
full-scale deflection, By so doing, the absolute reference
level need not be known; it was planned to be approxi-
mately 10 mW. Figure 11 shows the transmitter equip-
ment used.

The method of gain measurement used requires the
accurate determination of the difference between two
RF power levels: approximately +30 dBm at the colli-
mation station and approximately —15 dBm at the Venus
station. By use of an RF attenuator having precision
resettability, but not accuracy, the +30-dBm signal may
be calibrated using a standard 10-mW maximum power
meter provided the power meter linearity can be estab-
lished over a 20-dB range (10 mW to —10 dBm). Simi-
larly, the power meter linearity must be established over
a 25-dB range (+10 to —15 dBm) to calibrate the re-
ceived power. The use of a single instrument in this
manner precludes any necessity to obtain absolute RF
power determinations but does require the accurate
determination of linearity over a 25-dB range.

A series of laboratory tests was completed on a
Hewlett-Packard Company model 431C power meter
(serial 618-00553) when connected to a Hewlett-Packard
model H486A (serial 1609) thermistor mount. These tests

: 3

< <

ATTENUATORS

were designed and conducted with two major goals: the
careful determination of linearity of the power meter and
thermistor mount and a determination of drift rates. The
method of dc substitution was used, facilitated by use
of a Hewlett-Packard model 8402A (serial 243-00124)
power meter calibrator. The calibrator simply provides
an adjustable constant current source with 100 and
1000 =+ 0.05% Q sampling resistors in the de¢ substitute
mode. A Hewlett-Packard integrating digital voltmeter
(DVM) model 2401B (serial 350-01159) was used as the
dc voltage standard. Note that, for a linearity check,
thermistor operating resistance need not be determined
since operating resistance remains constant (within the
ability of the instrument servo loops to reduce the initial
disturbance).

The power meter, a new unit, was tested as received.
The thermistor mount was modified for improved ther-
mal time constant and isolation.* A foam-filled thin wall
stainless steel input waveguide provided isolation; the
time constant was improved by adding mass to the ther-
mistor mount. The entire unit was then encased in foam.

A first series of four test runs was made using an aux-
iliary DVM (Hewlett-Packard model 5265A/5245L) to
provide increased resolution over that provided by the
meter scale. Table 4 shows a typical run revealing
the magnitude of the thermistor thermoelectric effect.

“Suggested by C. T, Stelzried of JPL; now commercially available
from the Maury Microwave Corporation in the coaxial version.
More recently available in WR-90 waveguide from the Hewlett-
Packard Company.
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Fig. 11. Tiefort Mountain transmitter equipment
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Table 4. Power meter test for thermoelectric effect

Table 5. Power meter test: smoothed and single
test comparison

Substituted power, mW?
Power % Thermoelectric
a ¢
meter, mW | scale Pos + Pos — effect,” %
10 100 9.783 9.773 0.10
10 50 4,880 4.873 0.14
3 100 3.075 3.064 0.37
3 50 1.533 1.529 0.27
1 100 0.9810 0.9775 0.36
1 50 0.4893 0.4869 0.49
0.3 100 0.3108 0.3089 0.61
0.3 50 0.1550 0.1539 0.71
0.1 100 0.1034 0.1024 1.00
0.1 50 0.05170 0.05098 1.38
0.03 100 0.03114 0.03064 1.62
0.03 50 0.01560 0.01525 1.62
0.01 100 0.009923 0.009610 3.2
0.01 50 0.004973 0.004774 4.0
2100% «and 50% scale is defined as being produced on the auxiliary digital
voltmeter, following zero set, with no correction for input impedance of
10 MQ.
bSubstituted power = [V /(2X10%]%R, for the 10 and 3 mW scales (100-Q
sample).
Substituted power = |V _/(2X10%)]%R,, for all other scales (1000-Q sample).
where V_ is the impedance-corrected dc voltage across the sampling re-
sistor, and R, is the nominal thermistor operating resistance, set equal to
1009, all data.
“Thermoelectric effect is defined as (P,+ — P, ~)/P, .+

A single second test was performed using the 2401B
DVM to provide both the increased meter scale resolu-
tion and the voltage standard functions. A single test was
felt to provide data more typical of those experienced
under field conditions. Table 5 shows the averaged first
series compared with the single second test. It is interest-
ing to note that the error of the single test is generally
less than 0.1% compared with the smoothed data, with
the exception of the 3-mW scale. The 3-mW scale was
later found to be excessively noisy.

The smoothed and single run data were each normal-
ized to the full-scale value and converted to dB. Table 6
shows the deviations for each scale, in dB, from 100% to
50% scale (0.000 to —3.010, —5.000 to —8.010 dB, etc.).
Apparent factory alignment errors of 1% and 5% in the
3- and 0.1-mW scale data were adjusted in Table 6 to
gain a better view of the attainable linearity. The linear-
ity (100% to 50% of scale) is (0.013 =+ 0.002) dB stan-
dard deviation, The linearity from 100% to 100% of next

14

Substituted Substituted
power, mW® power, mW" Error of the
Power % . . e
o (mean of 4 {single single test,
meter, mW | scale runs in first second %
series) test)
10 100 9.784 9.782 —0.02
10 50 4.878 4.880 +0.04
3 100 3.068 3.060 -0.27
3 50 1.529 1.525 -0.26
1 100 0.9799 0.9800 +0.10
1 50 0.4882 0.4883 +0.02
0.3 100 0.3099 0.3101 +0.07
0.3 50 0.1544 0.1545 +0.07
0.1 100 0.1030 0.1029 -—0.10
0.1 50 0.05135 0.05132 ~0.06
0.03 100 0.03094 0.03094 0.00
0.03 50 0.01544 0.01543 —0.07
0.01 100 0.009786 0.009785 —0.01
0.01 50 | 0.004879 0.004876 —0.06
nAs before, 100% and 50% scale is defined as being produced on the
auxiliary digital voltmeter, following zero set, with no correction for input
impedance. Input impedance is 10 MQ for 4 runs, 1 MQ for second test.
bCorrected for thermoelectric effect.
cError is defined as (single test — mean of 4 runs)/mean.

scale (0.000 to —5.000, —5.000 to —10.000 dB, etc.) is
approximately 0.0035 =+ 0.0035 dB standard deviation.

The 50% scale data show a definite error on each scale
of —0.3%, attributable to the squaring circuit.® The
100% to 100% scale data show about four times better
performance, on the verge of being resolution-limited,

*Discussions with Jim Macrie and Fred Praman of Hewlett-Packard,
Palo Alto, Calif., showed that the squaring circuit was originally
designed for +0.25% linearity. The error due to finite loop gain
not allowing a complete rebalancing of thermistor operating re-
sistance is estimated to be 1/10 or less of the squaring circuit
error, The thermoelectric effect exhibited by serial 1609 thermistor
is about twice the average. Also, comments are of interest concern-
ing effective efficiency, i.e., the dc-RF conversion factor. For the
single detection element (waveguide) type mounts there is no
known reason for suspecting efficiency to change with applied
power levels. In the case of the dual detection element (coaxial)
mounts, either balanced or unbalanced, there is 2 known dual
element error, apparent when operating on the upper ranges of the
instrument when the applied RF power causes a decrease in bias
power of nearly equal magnitude. This error is controlled, at man-
ufacture, to something better than 0.1%.
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Table 6. Power meter test for linearity

Table 7. Power meter test for drift

il Single
Deviati Deviation, S;ng ed scale 3-dB
Power % dew:mt:on, dB® (single scfu e 3.- B linearity,
meter, mW scale B ff"ﬂ second l;n;a:!y, dB (single
series) test) ( frst second
series) fest)
10 100 0.000° 0.000”
10 50 —0.013 -0.011 —0.013 —0.011
3¢ 100 +0.013 0.000
3° 50 —~0.001 —0.011 -0.014 —0.011
1 100 +-0.006 +0.008
1 50 —~0.009 -0.007 —0.015 —0.015
0.3 100 +-0.007 +0.011
0.3 50 —0.009 | —0.005 —0.016 —0.016
0.1¢ 100 4+0.003 | -+0.002
o.1¢ 50 —0.009 —0.012 -—0.012 —0.014
0.03 100 0.000 +0.001
0.03 50 ~0.009 —0.011 —0.009 —0.012
0.01 100 4 0.001 +0.001
0.01 50 ~0.011 —0.014 —0.012 —0.015
aDeviation is here defined as measured-indicated.
bApproximately 0.02% error in data adjustment of each full scale to 0.000 dB.
See Table 5.
cAdjusted data +0.050 dB (19%); apparent factory error. (The instrument
requires alignment of potentiometer A2R6, full sccile accuracy adjustment
in the dc¢ feedbuck current generator.)
dAdjusted data —0.220 dB (5%); apparent factory error. (The instrument
also requires alignment of potentiometer A2R3, same circuit.)

with the exception of the two scales requiring alignment.
It will be noted in both the thermoelectric effect
data and the Table 5 data that the 3-mW scale was con-
sistently noisy.

Data related to the drift problem were taken by ob-
serving the ability to establish and hold the zero, 50%
and 100% scale deflections using the adjustable cali-
brator source. Table 7 summarizes the drifts experienced
during a single substitution (~1 min). Table 7 data rep-
resent four attempts at each level on each scale.

All tests utilized the 2401B voltmeter at l-s integra-
tion; the power meter calibration factor was constant at
98%. As the results show, full-scale deflection occurs
with de substituted power within 0.17% of the theoreti-
cal value on the highest range.

JPL TECHNICAL REPORT 32-1300

Power meter, Power meter output, mV dc Foll scale

mw Q set 50% scale | 100% scale uncertainty, %

10 +0.03 +0.10 +0.10 0.01

3 0.03 0.10 0.10 0.01

1 0.05 0.10 0.10 0.01

0.3 0.10 0.10 0.10 0.01

0.1 0.20 0.20 0.20 0.02

0.03 0.50 0.50 0.50 0.05

0.01 1.0 1.0 1.0 0.10

The instrument, when carefully used with a thermally
improved thermistor head, is seen to be limited by the
squaring circuit to 0.3%. With reasonable field instru-
mentation, dc substitution can be very conveniently ap-
plied for an accuracy of 0.1% or better over a 30-dB
range. The worst-case short-term drift (~1 min) experi-
enced during the laboratory tests represents a thermal
change of 10-* °C, due to thermistor and bridge con-
stants producing a sensitivity of about 100 xW/°C. In
summary, it was felt the determination of reasonably
high (—15 dBm or greater) power levels for the ground-
based tests presented no serious problem.

3. Gain standard horn measurement, Calibrations of
gain standard horns is a problem of continuing interest
at JPL and elsewhere since the errors involved are the
largest unknown in this type of test. The nominal 22-dB
gain (4.671 A) aperture dual mode horn used as the pri-
mary feed (Figs. 3-5) has been carefully studied by
Ludwig (Ref. 11), This horn is somewhat broadbeamed,
however, for the Tiefort Mountain range shown in
Fig. 10. Also, the received power at the 85-ft antenna
would be less than the —15 dBm level preferred. For
this reason primarily, and for possible further reduction
of multipath, the development of a large aperture
(12.548 A) gain standard horn was initiated. Figures 12-14
show the 8448-MHz E-, H-, and 45-deg-plane patterns
of the finished device. Figure 15 shows the horn under-
going precision radiation pattern tests. The technique
described by Ludwig (Ref. 11) was carefully applied; the
resultant directivity was found to be +29.520 dB when
integrating angular expanded patterns to the —40-dB
level and assuming the remainder to be zero. When inte-
grating to the —80-dB level, the directivity decreased as
expected. The final value was +29.510 dB. Estimated
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turnstile junction and horn losses are 0.025 and 0.023 dB,
respectively. Based primarily on a foundation of experi-
ence with the +22-dB hom and a few pessimistic
assumptions, a tolerance of +045 dB (30) has been
assigned to the large aperture horn gain. Figure 16 shows
the horn installed at Tiefort Mountain, optically bore-

sighted, and arranged to position all electronic equip-
ment within the personnel shelter. An uncalibrated
+22-dB horn fitted with a rotating joint was also used,
for measurement of the ellipticity of the 85-ft antenna.
The lower flux obtained caused this measurement to be
done using the crystal mixer radiometer,
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Fig. 15. Large aperture gain standard horn
pattern test range

Fig. 16. Large aperture gain standard horn
at Tiefort Mountain
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Fig. 17. XCE feedcone installed on Venus station az-el reflector
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IV. Initial Measurements, November 1966

The XCE feedcone was installed on the Venus 85-ft
az-el reflector early in November 1966 (Fig. 17). Con-
siderable difficulty was immediately found in determin-
ing a hyperboloid setting to optimize antenna gain.
Results were not repeatable on a day-to-day basis, and
peak-to-peak RF pointing repeatability was occasionally
as bad as +0.050 deg. One effect causing even further
confusion was the fact that, once an approximate focus
position was obtained on Cygnus, at approximately
60 deg elevation angle, it was decided to cross-check the
collimation tower focus setting, which had been pre-
dicted on the basis of ray optics to occur with the hyper-
boloid approximately 0.200 in. toward the apex of the
paraboloid, compared with the far-field focus position.
The tests indicated essentially the opposite was required;
ie., the hyperboloid had to be positioned 0.280 in.
toward the vertex of the paraboloid to approximately
focus the system on Tiefort Mountain. Under these un-
certain conditions a careful collimation tower gain test
using the precision ground-based techniques developed
appeared a waste of valuable test time. The +22-dB
horn at Tiefort Mountain, configured for rotating linear
polarization, was used to verify the ellipticity of the 85-ft
system, which was less than 0.45 dB. No further collima-
tion tower work was attempted during this period. The
85-ft system was roughly refocused on Cygnus at 60 deg
elevation angle, and source temperature measurements,
defined at the maser reference flange, were made.

The results of the Cygnus tracking during this period
gave an excess system temperature defined at the maser
reference flange of (155 + 2.3)°K, 3¢, for the source
between 40 and 75 deg elevation. Ignoring possible small
bias errors and considering only the random errors in
measurement scatter and flux uncertainty, the initial
efficiency was (456 =+ 99)%, 3¢, or a gain of
(+63.80 == 0.96) dB, 3¢, both defined at the maser refer-
ence flange and applicable over a restricted elevation
angle range. By assignment of the remaining loss, after
subtracting out the overall feed system, dissipation, and
blockage losses, to the surface tolerance, a mean value of
0.063 in. rms was obtained.

V. Supporting Studies

Following the initial X-band tests at the Venus station,
a review of the existing body of knowledge concerning
the structural characteristics of the antemna was per-
formed. Extensiometer tests nearly 2 yr previous to the
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X-band tests had shown mechanical hysteresis effects
due to looseness in the bolted joints comprising the
backup structure. Although the antenna had been con-
tinuously operated at S-band for over 5 yr, the loose
nature of the structure had not been observed at the
longer wavelength.

Since the antenna pointing system, as read out using
the available Datex indicators, was known to be in fair
condition, the poor pointing and nonrepeatable focusing
was ascribed to the tipping part of the structure, i.e., that
portion decoupled from the indicators. Theodolite mea-
surements of approximately 600 targets on the reflector
panels were made during March 1967. These tests were
conducted under two conditiqns: the first with the re-
flector at a rest position for a few days and the second
with the reflector exercised, brought to a rest position,
and measured in a rather brief period (brief compared
with some techniques) of approximately 4 h. A program
of structural rebolting was initiated following these tests.
By early June 1967, the reflector box girder had been
completely rebolted and a second series of theodolite
measurements were made using the same procedures
adopted earlier. -

The field data was input to the JPL Best Fit Parabo-
loid Program (Ref. 12). This program gives the root mean
square of 1/2 the RF pathlength of the residuals follow-
ing bestfitting to a perfect paraboloid. The perfect
paraboloid is free to assume a new focal length as one
of the fitting parameters. Table 8 summarizes the re-
duced field data. The rms of 1/2 the RF pathlengths is
seen to vary 0.035-0.045 in. This value is representative
of the approximately 600 observed targets essentially
firmly attached to the backup structure; an overall sur-
face tolerance figure must also take into account surface
panel and hyperboloid manufacturing and setting errors.

No significant difference between data sets in Table 8
is seen. It is concluded most of the structural looseness
occurs in the rib trusses and hoops which were not yet
rebolted, The focal length from zenith to horizon atti-
tudes is seen to change 0.40-0.50 in. Movement of the
entire quadripod structure relative to the best-fit focal
length may effectively change these computed values as
observed in RF tests. The mechanical hysteresis shows
up in both the rms and focal length values as suspected.

At this point, the X-band RF test results began to
appear reasonable. The focusing, which was confusing
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Table 8. Field data: 85-ft az-el surface tolerance?

Focal .
Date, rms Reflector rms, Wind,

length, Comments
1967 case attitude in. in mph
2/28 8 Zenith 0.039 432.06 Structure at rest 7 days [}
3/1 4 Zenith 0.044 432.03 Structure exercised at 45 deg elevation 0
3/6 6 45 deg 0.042 43179 Moved zenith to 45 deg elevation 10-25
3/7 5 45 deg 0.039 431.84 Moved zenith to horizon to 45 deg —

elevation
3/8 3 Horizon 0.036 431.68 Moved zenith to horizon —
3/27 10 Zenith 0.045 432.05 Structure at rest 2 days —
6/2 7 Zenith 0.041 432.21 Structure at rest 2 days 20-38
6/2 1 Zenith 0.039 432.10 Structure exercised at 45 deg elevation 20
6/3 2 45 deg 0.035 431.87 Structure at rest 2 h 20-35
6/6 9 Zenith 0.040 432,11 Structure at rest 20 h —
2Based on 570-590 points in analysis, no area weighting, and foca! length fit for rms.

during the initial tests, could be explained as follows:
Once focused on Cygnus A at a relatively high elevation
angle, the antenna was then oriented to the horizon for
collimation tower observation. The focal length decreased
roughly 0.50 in. In order to focus at infinity at the hori-
zon, it would be required to move the hyperboloid
toward the vertex of the paraboloid this amount. Then,
to account for the near-field nature of the collimation
tower, a movement back toward the apex of about
0.20 in., as predicted, would be required, leaving a net
movement of the hyperboloid of approximately 0.30 in.
toward the vertex of the paraboloid. As discussed above,
the experimentally obtained value was 0.28 in. in this
direction.

Because the STAIR structural computing program
(Ref. 13), together with the JPL Best Fit Paraboloid
Program, had been extensively utilized to analyze and
design the NASA/JPL 210-ft Advanced Antenna System,
this program pair was applied to the 85-ft az-el.* Although
field tests on the 210-ft structure agree well with com-
puted results, this is not the case with the 85-ft structure.
There are additive deflections in the actual 85-ft struc-
ture over the computed results caused by compromises
made to ease fabrication. The optimum condition of the
centroids of all structural members joining at the work
points is missed by a few inches on the 85-ft structure,
but assumed optimum, as required by the STAIR pro-
gram, in the analysis, Therefore bending, as well as axial,

*Private communication, M. S. Katow. {See also Ref. 14,)
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forces are generated in various members, resulting in
additional deflections.

~

Tables 9 and 10 give the fitted focal length and rms
values as computed using the STAIR and Best Fit pro-
grams for the idealized 85-ft structure. In order to ac-
count for the idealization made, cases with 2 and 3 times

best fit focal lengths

Table 9. Computed data: 85-ff az-el

Focal length Focal length Focal length
Reflector . . .
od 1 X symmetrical| 2 X symmetrical |3 X symmetrical
attituce deflections, in. deflections, in. deflections, in.
Zenith 432.194 - -
45 deg 432.000 432.000 432.000
Horizon 431.709 431.453 431.199

Table 10. Computed data: 85-ft az-el rms of
one-half RF pathlengths

rms rms rms
Ref!ector 1 X symmetrical |2 X symmetrical {3 X symmetrical
attitude deflections, in. deflections, in. deflections, in.
Zenith 0.018 — —

45 deg 0 0 (]
Horizon 0.026 0.050 0.074
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the deflections were generated. Apparently the idealized
model used properly accounts for the focal length change
but not for the rms change. In all cases, the deflections
at 45 deg elevation angle are taken to be zero since the
reflector panels were originally optimized in this attitude.

Figure 18 is .a machine-plotted contour map of the
best-fitted STAIR computed data for the horizon look
attitude, using the 1X deflection data. Figure 18 is cali-
brated in terms of full RF pathlength, a parameter used
in the Radiation Pattern Program. The purpose of the
figure was to arrange input data for the Radiation Pro-
gram digitized in sufficiently small increments to form
subapertures capable of reasonably representing the
quadripod and subreflector blocking. Approximately
2500 near-equal-area subapertures were formed. Feed
amplitude and phase data shown in Figs. 7 and 8 were
used, with the phase data suitably altered to account for
the near-field collimation tower, as input to the program.
Figures 19 and 20 show computed azimuth and elevation
plane patterns of the system, as would be observed using
Tiefort Mountain, for the 1X and 3X deflection data, It
was expected that measured radiation patterns should
reasonably agree within these limits.
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Fig. 19. Computed azimuth patterns, 85-ft
az-el reflector, 8448 MHz
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VI. Final Measurements, June 1967
A. Radio Astronomical

Following the box girder rebolting, a 2-wk opportunity
to operate the 85-ft antenna at X-band became available.
Armed with the initial measurements and the supporting
studies, it was felt a reasonable background had been
obtained to plan an efficient test series.

During the June 1967 tests, the initial effort was to
focus the system as a function of elevation angle, since
the earlier data proved focal length changes of about
0.5 in. were present. The loss of gain due to defocusing
by this amount is a maximum of 12% at X-band; thus,
proper focusing is a very important consideration, par-
ticularly for the calibration and evaluation work being
performed.

On the nights of June 14-15, 1967, Cygnus A was
tracked in the usual manner, with one addition to the
standard procedure. The complete procedure for one run
was as follows: :

(1) Boresight the antenna by the half-power points
method.
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(2) Obtain the usual five on-source Y-factor mea-
surements.

(3) Run the hyperboloid in and out in the axial direc-
tion through a reasonable range, while open-loop-
recording the radiometer output, and noting the
elevation angle of the source. Return to the focus
setting used in step (1).

(4) Obtain the usual five off-source Y-factor mea-
surements,

(5) Repeat steps 2,3, and 4 four additional times.

The purpose of step 3 is to obtain a focus curve for that
particular elevation angle. A total of 91 curves were ob-
tained, beginning on the first night at about 65 deg ele-
vation, rising to 85 deg and setting. On the next night, a
complete track was obtained. The focus curves were
reduced to obtain the maximum gain setting of the
hyperboloid, in inches from an arbitrary reference, as a
function of elevation angle.

Figure 21 shows 90 data points obtained as previously
described. The curves were drawn to assist in interpre-
tation of the data; no sophisticated attempt was made to
best-fit the data. As can be seen, however, the bulk of
the data fits well. Because the physical placement of the
feedhorn in a cassegrain-fed antenna is relatively non-
critical when compared with the physical placement of
the hyperboloid (both with respect to the best-fit parabo-
loid), the change in hyperboloid setting required for
maximum gain is directly the change in focal length of
the best-fit paraboloid.” Thus, as shown in Fig. 21, the
total focal length change as seen by RF is about 0.6 in.
Also, the June 14 data were not repeated on June 15. On
both days, about 0.2 in. total hysteresis is indicated, and
reaches a maximum at about 45 deg elevation. The hys-
teresis is further indicated by the characteristic plateau
of the longest focal lengths occurring, not at the near-
zenith position, but somewhat later in time during the

"This statement ignores possible movement of the entire quadripod
structure with respect to the best-fit paraboloid vertex.
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tracking after the source has decreased to about 70 deg
elevation. This occurrence might be explained as a time
lag for the paraboloid structure to slowly settle into a
more shallow dish when near zenith, and the reversal of
the elevation drives and downward motion does not im-
medijately cause a structural trend toward the deeper
dish seen at low elevation angles. Focus curves obtained
at low elevation angles were distinctly broader than the
fairly sharp focusing obtainable at higher angles. A
selected fixed focus of —5 deg in Fig. 21 was made to
optimize the high angle (~75 deg elevation) source tem-
perature measurements.

Data were also collected to examine beam pointing
stability. Figure 22 represents about 160 required eleva-
tion axis angle offsets as a function of elevation angle.
These data were collected from June 8 to 10, 1967.
Figure 22 may be thought of, primarily, as a smooth
curve that is the sum of several mechanically induced
deflections, but usually dominant is the rotation and
translation of the best-fit paraboloid. The pointing is
then interpreted to have a 3¢ jitter for this axis of about
+0.020 deg.

Figure 23 shows about 370 measured excess system
temperatures referenced to the maser input flange for
Cygnus A during June 1967, with the antenna fix-
focused as discussed above. Each measurement is the
mean of differencing five determinations of ambient load
to antenna Y-facior on-source with five determinations of
ambient load to antenna Y-factor off-source. The RF beam
was boresighted on-source at approximately 30-60 min
intervals with updated ephemeris tape drive controlling
pointing between boresights. Off-source system tempera-
ture measurements are made by alternately slewing
+2.0 deg from the source in elevation when the source
is above 45 deg and +2.0 deg in azimuth when the
source is below 45 deg elevation. Only 2-3% of the total
June 1967 data was rejected as blunder points.

Figure 23 includes a third-order polynomial curve
which was fit to the data -without weighting. Also, a
sample interval of 10 deg elevation angle was selected.
The center of each vertical bar in Fig. 23 represents the
sample mean excess system temperature (at the sample
mean elevation angle) in that 10-deg elevation angle
increment. The bars represent the square root of the
sample variance, which is essentially one standard devia-
tion about the sample mean except for the lowest ele-
vation increment. A fourth-order polynomial curve was
fit to the data with each point weighted inversely to the
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Fig. 22. Elevation offsets as a function of elevation
angle, 85-ft az-el reflector, X-band, June 1967

probable error. The probable error was taken as the root
sum square of the probable errors of the individual on-
source and off-source temperature measurements. No
significant difference exists between that curve and
Fig. 23. Indeed, the apparently anomalous low tempera-
tures observed between 10 and 35 deg elevation were
individually examined; the probable errors of the on-
source and off-source temperatures for those data are not
unlike any of the data and therefore appear to be real.
It was expected that poor pointing or radiometer gain
changes would be indicated by increased jitter among
the individual determinations. Possibly significant is the
fact that data between 40 and 60 deg elevation exhibits
the smallest jitter.

The peak temperature observed at 60 deg elevation is
thought due to (1) the paraboloid surface, which was
adjusted to be optimum at 45 deg elevation, and (2) the
focus setting, which was adjusted to be optimum at
75 deg elevation as discussed. Because atmospheric ex-
tinction is expected to be a very small effect at these
elevation angles, it is reasonable to expect the highest
temperatures to be observed between 45 and 75 deg
elevation.

The weighted mean of the June 1967 data between
40 and 70 deg elevation is (15.7 = 3.0)°K, 3¢, which
is nearly identical to the November 1966 result of
(15.5 == 2.3)°K, 30. The increased temperature is thought
due to better focusing, while the increased jitter is most
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Fig. 23. Excess system temperature referenced to maser input flange, Cygnus A

probably a result of more extensive sampling. A final
value for the efficiency, defined at the maser input
flange and applicable over 40-70 deg elevation is
(46.2 = 11.2)%, 3¢, where the tolerance is taken as the
root sum square of the standard deviations of the selected
flux density for Cygnus A and the measurement scatter.
For the data reported here, the measurement scatter ex-
ceeds the flux density uncertainty. As a scale factor for
the convenience of the reader, the mean system effi-
ciency during June 1967 is greater than 40% (13.6°K
excess system temperature in Fig. 23) for elevation angles
greater than 20 deg.

Data presented in the form of Fig. 23 are useful for

a deep space communications system designer, as dis-
cussed earlier. Of interest to the antenna designer and/or
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radio astronomer is to separate the various loss contribu-
tions. Only the defocusing effect due to paraboloid
focal length change has been evaluated. Based on focus
data shown before, nearly 0.4 A axial misalignment of the
cassegrain subreflector at 10 deg elevation angle occurs.
This axial misalignment, if corrected, would increase
the observed excess system temperatures approximately
1.9°K at 10 deg elevation. Although not carefully evalu-
ated, atmospheric extinction appears less than half the
defocusing loss.

Figure 24 shows the corresponding cold sky measure-
ments, taken in conjunction with Fig. 23 data. Because
all data were simply plotted without regard to day num-
ber or weather, it was first suspected the large spread
among data at low elevation angles was due to weather.
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Fig. 24. Off-source system temperature referenced to maser input flange

Closer examination of the raw data proved nearly all low
temperatures below 40 deg elevation occurred when
looking approximately 90 deg azimuth, or east, and
nearly all high temperatures occurred observing toward
the west. The land mask at the Venus station is gener-
ally below 0.5 deg elevation looking east but is always
above 3 deg and as high as 13 deg between azimuths of
200 and 360 deg. It is clear the high measured tempera-
ture portion of Fig. 24 is due to the land mask at the
Venus station.

Of further interest in Fig. 24 is the increase in system
noise from zenith to 10 deg elevation, which, for the
favorable land mask direction, is only 13-14°K, This
value is indicative of the high dry siting of the Goldstone
complex; a comparable value at $-band using the arche-
type feed is 11°K (Ref. 2). Because antenna sidelobe,
spillover, and blockage effects are of second-order im-
portance, the increase in system noise temperature is
nearly totally related to the main beam observing atmo-
spheric noise.
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Table 11 gives the average off-source temperatures
and standard deviations of the data. Average tempera-
tures and standard deviations below 30 deg elevation are
qualified as including both sets of data (source rising
and setting).

B. Ground Based

On June 21, 1967, the Tiefort Mountain station was
configured with the previously described -+29.510-dB
gain standard horn excited with right-hand circular
polarization (RCP) by the turnstile junction polarizer.
The laoratory-calibrated portable thermistor power
bridge previously discussed was rechecked in the field
for linearity using dc substitution to an accuracy of
0.3%, 3o, for a determination of a 25-dB change in power
levels. The Z, available power at the transmitter refer-
ence flange was determined to be +19.746 dB above
full-scale indication of the instrument. A second RF head
also of improved thermal design was used as a monitor
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Table 11. Measured off-source system noise temperatures
8448 MHz, DSS-13, XCE feedcone

Table 12. Measured and computed parameters

ground-based gain measurement

Elevation, deg Average T4, °K Standard deviation, °K Parameter Value 30 tolerance Comment
82 36.53 0.45 Transmittef +19.746 dB ref* +0.030 dB® By dc substi-
74 3678 043 power at tutien
transmitter
64 37.14 0.61 reference
57 37.18 0.57 flange
46 38.52 0.54 Insertion loss, —0.089 dB +0.060 dB Estimated
3 0.93 transmitter
5 39.84 ) reference
25 41.95 1.92 flange tfo
16 47.04 3.62 aperiure
9 51.38 - Gain standard | +29.510 dB +0.450 dB Pattern inte-
horn directiv- gration,
ity estimated
to detect possible long-term drifts in the carefully cali- Effective radi- | +49.187 dB ref - -
brated output. Because a separate amplitude levelling ated power
feedback loop was used, no drift more than a few milli- Path loss, Venus | —137.226 dB +0.039 dB Inverse square,
decibels was detected for several hours in the transmitter to Tiefort estimated
output. Path absorption, | —0.165 dB +0.060 dB Theoretical®
Venus fo
The calibrated portable bridge was then transported to Tiefort
the Venus station and attached to the maser reference Expected re- —88.204 dB ref - -
flange within the XCE feedcone. Propagation conditions :e“’f’dtp""fe'
. T SOTTr [4
over the Tiefort~Venus path are seldom stable; however, a;e:ur:p'
during the gain test peak-to-peak fluctuations were about
& g P p . Received power | ~—24.587 dB ref +0.030 dB By dc substi-
0.5 dB, which, although considered acceptable, may be :
. . . . level at maser tution
interpreted as partial decorrelation of the received wave- reference
front. By use of a 10-s integrating DVM, the fluctuations flange
were averaged and the mean received power at bore- Obsorved cain | +63.617 0462 dB At masar
. . ce o as served gain k +0.
sight was detemfme.d b;/ de subst1.tut10n to be 24.587 d]'3 c dB /isotropic reference
below full-scale indication of the instrument, or approxi- flange
Tnately - 14.6' fiBm. This power level is sufficiently above Near-field 0.095 dB 40,005 dB -
instrumental jitter and drifts such that these defects are correction
negligible. Farfield gain | +63.712 dB +0.474 dB At maser
Go reference
Table 12 shows measured and computed parameters flange
used in obtaining the gain using ground-based tech- Gain for 100% 7 | +67.210 dB - ~
niques, It is clear that further effort towards improvin
4 to. S mp g Efficiency at (—3.498 + 0.474)] (44.69 = 4:89)%,
tolerances should be devoted to the gain standard horn naser ref- d8, 30 3¢
calibration. Other possible sources of error, including erence flange
multipath, polarization mismatch, antenna pointing, and
R . . . iReference is 10 mW, nominal.
possible wavefront decorrelation are considered small in )
comparison to the gain standard horn calibration error Pincludes mismatch error.
' cBased on 0.89 atmospheric pressure, 20°C and 4 g/m?® H,O vapor (Ref. 15).

Because a dissipation loss of 0.150 dB occurs before
the maser reference flange within the XCE feedcone, it
is of interest to compare the measured aperture efficiency
with the predicted, referenced to the antenna reference
flange. Unfortunately, our knowledge of the surface tol-
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erance, as discussed, is limited. We can, however, sepa-
rate components of the efficiency and solve for the
effective system surface tolerance at the elevation angle
of the collimation station. Table 13 shows the method;
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CALB
ERR CRDS

CALB
TAGC

AGCV
.935
.157
. 264
384
.757

1.153
1.601
2,058
2.556
3,879
3,658
4,254
6,901
5.653
6.LbY
7.382
8.3
9,L45
16,436
11.476

9.9269660
2.62835u4
JP175408
-.0pup86L
P0801373
DBM
-1p06.000
-1041.900
-102,000
-103,000
~106,.000
-199,.008
-112,0090
~115,000
-118.000
=121,008
-124 009
-127.000
-13¢,000
-133,000
-136,008
-139.008
-142,000
-145,000
~1u8,000
-15¢0,009

CURVE FIT ERROR #

Y Y-DBM

-99,988 P1160
-1641.852 .85196
-1061,969 ~B3120
-1¢2,975 .B2505
-1¢5,957 JPu287
-168,928 .B719p
-112,.067 .P6660
~-115,p48 .Pu833
-118,079 .B7860
-121,.932 @320
-124,967 .#6659
-126,956 LpLL3g
-129,852 .14792
-132,9u6 LB5u87
-135,916 .08390
-139,120 .12411
-142,091 #9057
-145,163 .16327
-147,680 .31954
-154.115 ,11592

.187 DBM RMS

Table 13. Effective system surface tolerance computation

Fig. 25. Polynomial curve fit computation for
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radiation patterns

Parameter Efficiency | 1o tolerance Comment
Aperture integration 0.7388 +0.002 Estimated
Quadripod blocking 0.8755 +0.008 80 to 120% opacity

times physical area
Measured 0.4626 +0.0163 At antenna ref-
erence flange
Balance 0.7152 +0.0141
Effective system 0.065 +0.002
surface tolerance
in rms in. at
0.8 deg elevation

the efficiency balance of 0.715 is all attributed to the
Ruze type of loss, which leads to 0.065 in. rms.

Radiation patterns of the system were taken using the
high-level AGC radiometer. The collimation tower signal
was attenuated in discrete steps, AGC voltages were re-
corded and entered into a polynomial curve fit program.
Figure 25 shows the computed coefficients, the input
data, and the residuals after fitting. A peak residual of
0.3 dB was obtained using this method. Figure 26 shows
the fitted AGC curve, Azimuth and elevation scans were
made over 0.5 deg at a rate of 0.003 deg/s with the
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Fig. 26. Polynomial curve for radiation patterns
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Fig. 27. Radiafion pattern, 85-ft az-el reflector,
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Fig. 29. Radiation pattern, 85-ft az-el reflector, near-field
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Fig. 28. Radiation pattern, 85-ft az-el reflector,
near-field focus, elevation
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station digitizing equipment sampling once per second
and preparing punched tapes. The tapes were later
played back and plotted. Figures 27 and 28 show the
patterns taken at a hyperboloid focus adjusted for opti-
mum gain on the somewhat near-field source. Each pat-
tern requires a 5-min scan which is a long period
compared with the small amplitude scintillations present.
Some evidence of the scintillations-is present in Figs. 27
and 28. Qualitatively the patterns show a reasonably
well-formed beam is produced with a half-power beam-
width less than 0.100 deg in both planes.

Figures 27 and 28 may be compared with the com-
puted patterns given in Section V for 1X and 3X deflec-
tion cases, since the computed patterns account for the
near-field source. It is clear that patterns obtained with
the 1X computed deflection data do not agree with the
actual behavior. Patterns obtained with 3X computed
deflections, resulting in a paraboloid rms of 0.074 in.
(Table 10) more nearly fit the experimental.

The hyperboloid was then set 0.500 in. toward the
apex, which approximates the high elevation angle focus
for maximum gain. Figures 29 and 30 show the resultant
patterns. The azimuth cut is seen to have a narrower
main beam while the elevation cut is broader. This effect
is indicative that the optimum gain position of the hyper-
boloid near the horizon is fitting different azimuth and
elevation plane focal lengths. Although a corresponding
hyperboloid position toward the vertex was not tried, it
is suspected the inverse would be true, i.e., the elevation
plane would be nearer an optimum focus and the azi-
muth plane would be defocused.

The difficulty in extending the ground-based efficiency
value to higher elevation angles for the purpose of a
direct determination of the Cygnus flux can be seen in
Fig. 31, which relates surface efficiency to surface toler-
ance for 8448 MHz. It is clear that a very small change
in the effective system surface tolerance will cause an
appreciable change in system efficiency. The fact that
the system was operated in a fix-focused manner com-
pounds the difficulty.

For purposes of possible future work toward radio
astronomical flux determination referenced to a ground
based gain measurement, it is recommended the focus-
ing be implemented in a convenient manner to keep the
antenna gain peaked, at least for the large-aperture high-
frequency domain considered in this report.
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VIl. Conclusion

An 85-ft diameter paraboloid aperture efficiency at
X-band has been evaluated by independent methods; the
results are in good agreement. Based on a selected value
of flux density for Cygnus A, efficiency as a function of
elevation angle has been obtained, and based on an inde-
pendent ground-based method the efficiency near 1 deg
elevation angle has been measured. Table 14 gives the
final results. Although the mean values are consistent

Table 14. Independent methods of efficiency
determination

Efficiency ot maser

Method reference flange

Comment

(46.2 = 11.1)%, 3¢ | Applicable for 40-70

deg elevation

Applicable for 0.8 deg
elevation

Radio astronomical

Ground-based (44.7 + 4.9)%, 30
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with expectations of a better system surface tolerance at
high elevation angles (the surface was originally set
optimally at 45 deg elevation angle), it is felt further
analysis is unwarrantable.

An rms-to-diameter precision index, /D ~ 0.7 X 10+
for all conditions encountered, places the X-band work
always below 0.6 X gain limit frequency.

The X-band evaluation described was conducted with
no particular concern for weather conditions. No rain
occurred during the tests but occasional moderate cloudi-
ness and humidity were noted. Wind, which is common
in the high-desert area, ranged to 45 mph. The philos-
ophy adopted was that of obtaining, under nonselected
conditions, performance data on a system possibly useful
for specialized deep space communications.
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